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MOIiTIFUNCTIONAL ELECTRONIC DEVICE FOR A MECHANICAL SEAI« 
AND CONTROL AND MANAGEMENT PROCESS RE2^ISED BY SUCH 
DEVICE 



The present invention refers to a multifunctional 
electronic device for a mechanical seal. The invention 
further deals with a control and management process for a 
mechanical seal realised by said electronic device. 

Mechanical seals are members whose purpose is 
preventing leakage between a rotating shaft and its 
housing, thereby preventing gases, steams or liquids from 
going out, that could also be damaging for humans and for 
the environment. They are used in all the world in a lot 
of applications. In particular they are assembled on 
pumps, compressors, reactor stirrers or rotating shafts, 
driers, pressof ilters, mixers, centrifugal pumps, 
separators and many other process machines. 

Mechanical seals are realised by coupling two 
surfaces or rings, a rotating one integral with a shaft 
and a stationary one integral with the pump or the 
machine in which the shaft is inserted. The rotating ring 
and the stationary ring are kept in contact by two 
combined forces: a mechanical force generated by springs 
and an hydraulic force generated by a fluid pressure. 
Sliding between the two surfaces or rings thereby occurs 
under a compression condition due to forces computed when 
designing the seal. 

Mechanical seals are designed in order to virtually 
work without leakage and the pump or machine efficiency, 
its productivity and its safety depend on their integrity 
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and correct operation. The increasing worry for operator 
health and for environmental protection then compels the 
technologic search towards safer and safer applications, 
that are reliable and with high performance. 

The market provides a wide range of mechanical seals 
suitably devised* for every possible application 
(individual, double, balanced, unbalanced, dry-operating, 
operating with liquid, operating under combined dry- 
lubricated-dry conditions, for sterile applications, for 
high temperatures, etc.). 

In the current technologic background the present 
invention finds its applicability in the use of all those 
mechanical seals that require a pressurisation and/or a 
fluxing. The affected industrial environments are mainly 
those in textile, chemical, petrochemical, pharmaceutical 
and food industries. 

In extremely synthetically pointing out common 
practice and prior art, two specific application cases 
are referred to, deemed the most complex ones: that with 
double dry-operating mechanical seals and that of 
mechanical seals operating with liquid. These two cases 
could also summarise, with suitable and obvious 
simplifications, from both the technical and the 
conceptual points of view, the remaining existing 
applications . 

In general the primary functionalities that must be 
taken into account are the pressurisation ones (often 
mandatory in every application) , the fluxing ones (only 
if required by the specific application) , the monitoring 
of necessary conditions for a good operation (hoped, but 
not mandatory) and integrity checking ones (optional) - 

Dry-operating mechanical seals required for a 
correct operation a pressurisation, as a rule performed 
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by means of nitrogen or compressed air. Many 
manufacturers suggest to simultaneously realise also a 
fluxing, with the purpose of keeping sealing rings 
cooled, clean and lubricated. The fluxing flow rate is 
usually independent from the set pressurisation value. 

Mechanical seals operating with liquid provide 
instead for the installation of an hydraulic circuit that 
allows pressurising and keeping a fluxing within the seal 
through a liquid deemed suitable and compatible both with 
construction seal characteristics and with 

chemical/physical product characteristics inside the 
process machine (since in case of seal leakage the 
product could come in contact therewith) . The hydraulic 
circuit fluid is circulated by a pump or through a siphon 
system that exploits the thermal differences. The 
hydraulic circuit fluid tank is usually pressurised with 
a nitrogen or compressed air head. 

Mechanical seals manufacturers generally require a 
pressurisation of approximately 0.5-M bar greater than 
the process pressure (the one inside the machine) , both 
in case of dry seals and in case of liquid-pressurised 
seals • 

In the current practice, functional, diagnostics (if 
present) and control aspects related to a mechanical seal 
are partly managed through manually-configured devices 
and partly implemented with local automatic regulators or 
regulators coupled with existing ■ automation systems 
provided to control the whole production plant. The 
limits of such situation in terms of performance are 
evident . 

Moreover, in the prior art, the trend is towards a 
mechanical seal pressurisation at a constant value, set 
during plant design or startup and established depending 
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on the maximum pressure that can be reached during the 
process or the maximum design pressure of the machine. 
This arrangement, rather trivial, is widely diffused 
because it greatly simplifies installation and 
realisation of a possible circuit to regulate the fluxing 
flow-rate (the flow-rate regulation at variable pressure 
is a difficulty known to the technicians) . 

However on many process machines the internal 
pressure can greatly change according to the working 
step, going from high vacuum situations to meaningful 
overpressure conditions • 

For example in filters /driers (process machine 
dedicated to solid-liquid separation and drying) the 
internal machine pressure can reach 4 bars during 
filtering and squeezing steps, thereby requiring in these 
steps a mechanical seal pressurisation of at least 4.5 
bars. Leaving however the seal pressurised at these 
values also when the internal machine pressure decreases, 
the surfaces in contact with the seal are forced to work 
under extremely severe conditions, as a consequence of 
the load induced by the excessive pressure difference, 
with presumable negative effects on seal wear and life. 
In fact, during drying, and therefore under maximum 
vacuum conditions, the mechanical seal rings of a 
filter/drier left pressurised at 4.5 bars, must support, 
neglecting the component due to springs, a load of 5.5 
bars (4.5 bars overpressure plus 1 bar vacuum) instead of 
0.5 design bars suggested by the manufacturer. It is then 
known to process operators that the drying steps (in 
which the machine works under vacuum) are several hours 
long, while the filtering and squeezing steps (in which 
the machine is under strong overpressure) can finish in a 
few tens of minutes. 
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Due to these facts it should be clear that a 
pressurisation system for a mechanical seal of the static 
type, with a prefixed pressure value at maximum allowable 
pressure, though simplifying its installation, guarantees 
its optimum operating conditions only for short times, 
forcing for the remaining time a non-optimum operating 
situation that can also become deleterious. 

Further in the prior art, in order to perform 
mechanical seal fluxing, manual regulating systems are 
employed, that are generally inaccurate, not fed-back and 
that do not continuously verify the actual flow-rate. 
This in spite of the fact that fluxing accuracy and 
reliability has a great importance: an insufficient flow- 
rate implies a non-optimum seal cooling and lubrication, 
reducing its life and increasing its maintenance costs. 
On the other hand an excessive flow-rate implies a 
fluxing fluid waste, with economic and environmental 
damages . 

It is further pointed out that pump or machine 
efficiency, its productivity and above all its safety and 
the safety of involved operators depend on mechanical 
seals integrity. Possible sealing members leakage then 
have negative effects on the environmental impact of 
chemical/petrochemical applications and on production 
certifications and validations in pharmaceutical/food 
applications. The integrity check of a mechanical seal 
should therefore be always automated-, to avoid management 
errors created by manual interventions, and should be 
systematically repeated within the normal plant 
operation. Where applied, the currently used systems for 
automatically checking the integrity are based, according 
to the cases, on monitoring on/off transducers such as 
fluxostats and level switches; such system, from the 
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practical point of view^ have been proven adequate only 
for detecting macroscopic leakage. 

Another aspect to be taken into account is that,, 
like all sealing members, mechanical seals are components 
that are subjected to wear that require periodic 
maintenance and replacements. Generally the service life 
of a mechanical seal is evaluated referring to the first 
installation date (or the last, replacement /maintenance 
date) that however does not provide an accurate idea of 
the actual operating hours - 

Still more it must be noted that, for covering the 
warranty conditions, the mechanical seal manufacturer 
obviously imposed the correct installation and the use 
complying with design indications. Upon breakages 
detected during the warranty period, there often occurs a 
dispute between seal supplier and user, in which this 
latter one is almost never able to demonstrate, or better 
to convince the counterpart that the mechanical seal had 
been correctly used. 

Object of the present invention is therefore solving 
the above-mentioned inconveniences and in particular is 
realising a multifunctional electronic device for a 
mechanical seal that allows simplifying installation and 
use, in addition to guarantee optimum operating 
conditions with consequent advantages also as regards its 
maintenance . 

Another object of the present invention is realising 
a multifunctional electronic device that allows checking, 
through a microprocessor, in a completely automated and 
in an advanced way, all operating and diagnostic 
conditions of a mechanical seal. 

A further object of the present invention is 
realising a multifunctional electronic device for a 
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mechanical seal and pointing out its control process/ 
realised by employing the above electronic device , so 
that it becomes particularly reliable, simple, functional 
and with relatively reduced costs. 

These and other objects according to the present 
invention are obtained by providing a multifunctional 
electronic device for a mechanical seal as claimed in 
claim 1. 

Further characteristics are ' provided in the 
following claims; in particular, in claims 33, 34, 35 and 
36 a control and management process is disclosed as 
performed with said electronic device. 

The features and advantages of a multifunctional 
electronic device for a mechanical seal and a control and 
management process performed with said electronic device 
according to the present invention will better appear 
from the following exemplary and non-limiting description 
referred to the enclosed schematic drawings in which: 

- figure 1 shows a diagram of an installation, known 
in the current art, of a dry-operating mechanical 
seal; 

- figure 2 shows a diagram of an installation, known 
in the current art, of a mechanical seal operating 
with liquid; 

- figure 3 shows an approximate diagram of a 
multifunctional electronic device for a mechanical 
seal according to the present, invention; 

- figure 4 shows a diagram of an installation of an 
electronic device according to the present 
invention in case of a dry-operating mechanical 
seal; 

- figure 5 shows a diagram of an installation of an 
electronic . device according to the present 
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invention in case of a mechanical seal operating 
with liquid; 

- figure 6 is a functional diagram that shows a 
control and management process realised with a 
multifunctional electronic device for a mechanical 
seal according to the teachings of the present 
invention . 

With reference to figure 1 a diagram of an 
installation, known in the current art, is shown for a 
dry-operating mechanical seal and designated with 10, 
assembled on a process machine designated with 11. The 
pressurisation of the mechanical seal 10 is realised 
through a pressurisation line 12 into which generally 
nitrogen or compressed air as pressurisation fluid 14 is 
inserted. The pressurisation line 12 comprises in 
succession a minimum pressure switch 101, a filter 102, a 
pressure regulator 103, a humidifier 104, a flow 
indicator 105 and a maximum flow-meter 106. Figure 1 also 
provides a fluxing line 13 that includes both a manual 
vale 109, before which an on-off valve 108 is coupled, 
connected to a manometer 107. The on-off valve 108 is 
provided only for maintenance purposes and is normally 
open. The fluxing line is vented towards a vent 15. The 
minimum pressure switch 101 is optional and generates an 
alarm in case of lack of fluid 14 necessary for the 
pressurisation. Management of this signal is usually 
provided by an automation system of the process plant 
where the mechanical seal 10 is installed. Such 
automation system can be based on PLC (Programmable Logic 
Computers) on PC (industrial computers) or on DCS 
(Distributed Control Systems) . Filter 102, htimidifier 
104, manometer 107 and on-off valve 108 are optional 
elements, not mandatory from the functional point of 
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view. The pressure regulator 103 is usually manually set 
during installation at a constant value^ taking into 
account the maximum allowable pressure in a process 
machine 11 and the pressure difference imposed or 
suggested by the mechanical seal 10 manufacturer. The 
maximum fluxstat * 106 is optional and should allow 
recognising the integrity of seal 10, supposing that in 
case of leakage there is an excessive fluid flow-rate in 
the pressurisation line 12. Management of this signal is 
usually performed by the automation system (PLC, PC or 
DCS) of the process plant where the mechanical seal 10 is 
installed. Flow indicator 105 and manual valve 109 are 
used in case also the seal 10 securing is requested. From 
the practical point of view, the manual valve 109 is shut 
during installation in order to obtain, at the pressure 
set by the pressure regulator 103, the desired fluxing 
flow-rate value suggested by the manufacturer and that 
can be visually verified on the flow indicator 105. 

With reference to figure 2 a diagram is shown of an 
installation, known in the current art, of a mechanical 
seal operating with liquid and designated by 20, 
assembled on a process machine designated by 21. This 
installation comprises an hydraulic circuit 23 where a 
tank 22 is present with a suitable liquid. A pump 209, or 
alternatively a siphon system, re-circulate liquid 
through the seal 20. The circulation flow-rate can be 
measured by a minimum fluxstat 210. The liquid tank 22 of 
the hydraulic circuit 23 is pressurised with a head, 
generally made of nitrogen or compressed air 25, through 
a pressurisation line 24. The pressurisation line 24 
comprises a pressure regulator 202, before which a 
minimum pressure switch 201 is connected. A minimum level 
switch 207 and a maximum level switch 207 are present on 
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the hydraulic circuit liquid tank 22. Above the tank 22 a 
manometer 203 and, a suitable on-off valve 204 are 
assembled; it is then possible to connect the tank 22 to 
a vent line 26 through a manual valve 205. It is possible 
to drain the hydraulic circuit 23 through a manual valve 
208. The manual valves 205 and 208 are provided only for 
maintenance purposes and are normally closed. A manometer 
211, equipped with a suitable on-off valve 212, allows 
displaying the hydraulic circuit pressure. The on-off 
valves 204 and 212 are provided only for maintenance 
purposes and are normally open. The minimum pressure 
switch 201 is optional and allows generating an alarm in 
case of lack of fluid 25 necessary for pressurisation. 
The management of such signal is usually performed by the 
automation system (PLC, PC or DCS) of the process plant 
where the mechanical seal 20 is installed. The pressure 
regulator 202 is usually manually set during installation 
at a constant value, taking into account the maximum 
allowable pressure in the process machine 21, the 
pressure difference imposed or suggested by the 
mechanical seal 20 manufacturer and possibly also the 
circulating pump 209 head. The manometers 203 and 211 
with respective on-off valves 204 and 212 are optional. 
The maximum level switch 206 is optional and should allow 
recognising the seal integrity, supposing that in case of 
leakage a liquid level lowering occurs in tank 22. The 
minimum level switch 207 is optional and instead its 
function is interlocking the pump 209 operation in case 
liquid is missing in tank 22. The minimum fluxstat 210 is 
optional and is possibly used to monitor the presence of 
flow in the hydraulic circuit 23 when the pump 209 is 
operating. Signals from minimum pressure switch 201, 
minimum level switch 206/ minimum level switch 207, 
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circulation p\amp 209 and minimum fluxstat 210, if 
present, are usually performed by the automation system 
(PLC, PC or DCS) of the process system where the 
mechanical seal 20 is installed. 

With reference to figure 3 an approximate diagram is 
shown of a multifunctional electronic device for a 
mechanical seal object of the present invention and 
designated by 30. The electronic device 30 is supplied by 
a pressure line 31 with nitrogen, compressed air or other 
suitable fluid. The electronic device 30 must be 
connected to the mechanical seal through the 
pressurisation line 32. The pressure in line 32 is 
controlled by a pressure regulating element 302, preceded 
by a minimum pressure switch 301. The pressure regulating 
element 302 is driven by a suitable converter 309 that 
receives commands from an regulating algorithm 308 (PID 
or another type) . The regulating algorithm 308 receives 
data from a comparator 307 that compares a desired value 
(called setpoint) , output from block 306, with a measured 
value, output from block 303. The setpoint value is 
computed with summer 306 by summing to the process 
pressure, detected by a pressure transmitter 304, the 
optimum pressure difference 305 set or suggested by the 
mechanical seal manufacturer. The measured value is 
instead detected by a suitable transducer 303. The 
regulating algorithm 308 can also be temporarily disabled 
by the microprocessor controlling the electronic device 
30, making therefore possible to force a fixed 
configuration of the pressure regulating element 302 
independently from desired and measured values output 
from block 307 . To realise also the possible fluxing 
independently from desired and measure values as output, 
a fluxing line 33 is also provided as input to the 
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electronic device 30, coming from the mechanical seal and 
connected to a vent line 34 after a passage through a 
multivalve 310 (flow-rate regulating element) • The. 
multivalve 310 has a series of pre-calibrated precision 
nozzles mutually arranged in parallel. Substantially for 
every nozzle the fluxing flow-rate is known a priori for 
every possible pressure value. Purpose of the 
microprocessor controlling the electronic device 30 is 
therefore driving the opening or closing of available 
nozzles depending on the variable pressure measure, 
detected by the transducer 303, and the desired value of 
the fluxing flow-rate. As an alternative to the 
multivalve 310 it is possible to imagine a 2-way 
proportional regulating valve fed-back by a flow-rate 
meter. The circuit realised with the electronic device 
30, essentially composed of a pressurisation line 32 
(going to .the mechanical seal) and of a possible fluxing 
line 33 (coming from the mechanical seal) , allows also 
realising a sophisticated algorithm for checking the seal 
integrity based on the evaluation of actual pressure 
leakage. In practice, during the seal integrity check 
procedure, periodically and automatically activated, the 
nozzles of element 310 are temporarily forced close 
(thereby imposing a null fluxing flow-rate) and the 
maximum pressure is set in the mechanical seal through 
the pressure regulating element 302. Afterwards, by 
temporarily disabling the regulating algorithm 308, the 
pressure regulating element 302 is also inhibited, 
thereby avoiding to automatically compensate for possible 
pressure leakage on the pressurisation line 32 . Starting 
from this condition, the time variation of the pressure 
measure measured by the transducer 303 can be evaluated 
in a prefixed time. Pressure leakages greater than a 



-12- 



wo 2004/001259 



PCT/IT2003/000154 



preset value and detected in a known time generate an 
alarm situation. No meaningful pressure leakage must be 
detected in case of a perfectly healthy mechanical seal. 
At the end of the integrity check and if there are no 
anomalies, the electronic device 30 is programmed to 
automatically restore the usual pressure and flow-rate 
regulations/ as previously described. For the complete 
monitoring of alarms and malfunctions , the electronic 
device 30 is further provided for acquiring external 
signals coming from possible minimiom level switches and 
fluxstats 316, 318 and maximum level switches and 
fluxstats 315, 317, obviously if installed and available, 
The electronic device 30 is also prearranged for managing 
other external input and output signals, necessary or 
useful for implementing further functionalities and for 
integration with other control systems. For example an 
input signal 311 (contact prearranged to recognise when 
the mechanical seal must be operating) makes it possible 
to automatically activate all operating and diagnostic 
functionalities in addition to counting and recording the 
actual operating hours. An output signal 312 (contact 
prearranged for signalling the existence of possible 
currently occurring alarm situations) and an input signal 
313 (contact prearranged for remotely recognising and 
resetting possible alarm or lock situations) make it 
possible to integrate, with other equipment, commands and 
control actions of the electronic device 30. An output 
signal 314 (prearranged ^^Watch Dog" contact, managed as a 
frequency pulse output) makes it possible for other 
equipment to monitor the correct operation of the 
electronic device 30. The electronic device 30 object of 
the present invention is further equipped with a display 
319 and a keyboard 320 for reconfiguring operating 
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parameters and for displaying all available current and 
historical data^ in addition to a solid-state mass 
storage 321 for recording them. The minimum pressure 
switch 301 allows generating an alarm in case of lack of 
the minimum pressure necessary for pressurisation. The 
pressure regulation element 302 can be a 3-way 
proportional valve or, alternatively, can be realised by 
using and integrating two 2-way proportional valves, one 
in order to be able to increase pressure in output line 
32 through a divided connection to line 31, the other one 
to decrease it through a divided connection to vent 34. 
The transducer 303 measures the line 32 output pressure 
from the electronic device 30 that, once installed, can 
be assumed corresponding to the pressure inside the 
mechanical seal- The pressure transmitted 304 is able to 
detect the pump delivery line pressure or the pressure 
inside the process machine in which the mechanical seal 
is assembled. The element 306 plays the role of summing 
the process pressure 304 measure with the optimum 
pressure difference 305. The comparator 307 is able to 
compare the setpoint value, output from the element 306, 
with the pressure value inside the mechanical seal 
measured by the transducer 303. The algorithm 308, 
depending on the proportional, integral or derivative (or 
of other types) component of the error between measure 
and setpoint, decides how the pressure regulating element 
302 can be controlled. The converter 309 is used for 
electrically driving the pressure regulating element 302. 
After connection of line 32 to mechanical seal, the 
electronic device 30 takes then care, through components 
302, 303, 304, 305, 306, 307, 308 and 309, to keep the 
pressure 303 of the pressurisation line 32 regulated 
(namely the pressure in the mechanical seal) to a value 
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depending on process pressure 304 (namely the pump 
delivery line pressure or the pressure inside the process 
machine in which the seal is installed) , thereby 
guaranteeing an optimum pressure difference 305 set or 
suggested by the mechanical seal manufacturer. The 
possible fluxing is instead regulated by driving the 
element 310 depending on the current pressure measure 
303. During the integrity check procedure, the above 
elements are instead temporarily managed according to a 
different control logic as already described: fluxing 
disabling, pressurisation, pressure regulation disabling 
and following pressure leakage evaluation. The elements 
31, 33, 304, 311, 313, 315, 316, 317 and 318 are inputs 
to the electronic device 30. The elements 32, 34, 312 and 
314 are outputs from the electronic device 30. The 
components 301, 302, 303, 304, 305, 306, 307, 308, 310, 
311, 312, 313, 314, 315, 316, 317, 318, 319, 320 and 321 
are directly controlled and managed by the electronic 
device 30 microprocessor through the control and 
management process shown in figure 6 and explained below. 

With reference to figure 4 a diagram is shown for an 
installation of an electronic device 30 object of the 
present invention in case of a dry-operating mechanical 
seal and designated by 10, assembled on a process machine 
designated by 11. Installation and operation modes should 
be sufficiently clear after analysing what is shown in 
figure 4. For a better understanding, refer to what has 
already been described with reference to figures 1 and 3. 
In this example and non-limiting application case, the 
components 315, 316 and 318 are not used. 

With reference to figure 5, a diagram is shown for 
ah installation of an electronic device 30 object of the 
present invention in case of a mechanical seal operating 
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with liquid and designated by 20, assembled on a process 
machine designated^ by 21. Installation and operation 
modes should be sufficiently clear after an analysis of 
what is shown in figure 5. For a better understanding 
refer to what is already described with reference to 
figures 2 and 3. In this example and non-limiting 
application case, the components 310 and 317 are not 
used. The input line 33 is here consequently closed since 
a fluxing with gas is not required, like in dry 
applications . 

With reference to figure 6, a functional diagram is 
shown that provides for a control and management process 
realised by a multifunctional electronic device for a 
mechanical seal according to the teachings of the present 
invention. For a better understanding reference is made 
also to what is already shown in figure 3. A switch-on 
block 600 of the electronic device 30 is followed by an 
operation enabling check block 601. If the operation is 
enabled, the flow goes to an anomalies check block 602. 
If no anomalies are detected, an integrity check request 
verifying block 603 is reached. If the integrity check is 
not required, a pressure regulation block 604 is reached. 
From here the flow goes to a fluxing need verifying block 
605. If fluxing is necessary, a flow-rate regulation 
block 606 is reached, otherwise this block 606 is 
bypassed. After block 606, the flow goes, in a 
succession, to an operating hours counting block 607, to 
a data displaying and recording block 608 and to an 
interfacing block 609 with other possible systems, to go 
back then to the operation enabling check block 601 
(already mentioned) . If the operation is not enabled, the 
flow instead goes to a configuration modify request 
verifying block 612 for the electronic device 30, If it 
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is desired to modify the current configuration, a system 
reconfiguration blpck 613 is reached, otherwise this 
block 613 is bypassed and a command reset block 614 is 
directly reached. From here the flow returns to the data 
displaying and recording block 608 (already mentioned) . 
If the seal integifity check from block 603 is requested, 
an integrity check block 610 is reached. If no leakage 
results in the mechanical seal, the operating hours 
counting block 607 (already mentioned) is reached. If 
instead, starting from anomalies checking block 602 
(already mentioned) or integrity checking block 610 
(already mentioned) , alarms or anomalies are pointed out, 
then an alarm managing block 611 is reached, from which 
the operating hours counting block 607 (already 
mentioned) is then reached. In practice when voltage is 
supplied to the electronic device 30 (switch-on block 
600) a microprocessor starts automatically performing a 
cyclic program. In program block 601 a check is performed 
through the external signal 311 to verify the mechanical 
seal operating enabling. If the answer is affirmative, 
block 602 is reached where possible anomalies are checked 
by monitoring signals coming from components 301, 315, 
316, 317 and 318. In case anomalous situations are 
detected, block 611 is reached for a correct management 
of active alarms that brings about the appropriate 
driving and check of components 302 and 310 and signals 
312 and 313. Instead in case there are no alarm 
conditions, block 603 is reached, in which,* depending on 
system parameters that can be reconfigured in block 613, 
it is decided whether or not to perform the mechanical 
seal integrity check. The integrity check is performed 
periodically and alternate with normal pressurising and 
fluxing operations. The integrity * check, performed in 
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block 610, brings about, as already described, the seal 
pressurisation to a maximiim value and the following 
measure of possible pressure leakage. In case of 
meaningful leakage, the electronic device 30 
automatically generates an alarm and goes to block 611. 
If the integrity* check is not required, the program 
performs block 604 in which the mechanical seal pressure 
is regulated through components 302, 303, 304, 305, 306, 
307, 308 and 309 as already described. The mechanical 
seal pressure, when the integrity check is not active, is 
then kept regulated to a greater value than an optimum 
difference 305 with respect to process pressure 304. in 
block 605 it is checked, depending on system parameters 
that can be reconfigured in block 613, whether it is 
necessary to also perform a seal fluxing, possibly 
performed in block 606 by suitably driving and 
controlling, as already described, the multivalve 310 
(or, alternatively, the 2-way proportional valve) 
depending on the current pressure value detected by live 
transducer 303 and the desired flow-rate value made able 
to be reconfigured in block 613. Then, if the mechanical 
seal operation is required, the electronic device 30 
automatically performs a pressure regulation with 
possible fluxing, alternated with periodic integrity 
check cycles. Under these operating conditions, block 607 
also counts the actual operating hours. Independently 
from the operating status of the electronic device 30 in 
block 608, all available data and parameters (current and 
historical ones) can be displayed in real time on the 
display 319 and are systematically recorded onto the mass 
storage 321. The block 609 is prearranged to make it 
possible to interface and connect the electronic device 
30 with other possible apparata or automation systems. If 
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the mechanical seal operation is not temporarily 
necessary, it is possible to request/ in block 612/ the 
electronic device 30 configuration data variation. In 
block 614 then the commands for components 302 and 301 
are suitably reset when the system must not be operating. 

Thereby, according to the present invention, the 
multifunctional electronic device 30, based on a 
microprocessor, is expressly designed and realised for 
the advanced automatic check of all operating and 
diagnostic conditions of a mechanical seal. In particular 
object of the present invention is realising a 
multifunctional electronic device for a mechanical seal 
that allows having: 

- all automated functionalities, related and 
integrated into a single electronic device; 

- a pressure regulation depending on the process 
pressure behavioujf; 

- a fine and continuous fluxing regulation even . 
under variable pressure conditions; 

- an automatic and systematic check of all operating 
conditions (low pressure, low flow, high flow, low 
level, high level, etc.); 

- an automatic and systematic check of seal 
integrity based on the evaluation of actual 
pressure leakage; 

- an automatic count of actual operating hours, also 
coupled with different pressurisation values; 

- a certification and validation of operating and 
diagnostic conditions ; 

- a prearrangement to be interfaced and connected 
with other possible apparata or automation 
systems . 

All functional, diagnostic and control aspects 
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related to a mechanical seal are automated, mutually 
related and integrated in a single electronic device. It 
is pointed out that centralising all functionalities 
perfojnned by a single microprocessor of the electronic 
device 30 allows mutually relating, synchronising and 
integrating actions, regulations and checks, more 
efficiently monitoring the operating variables and 
realising a really advanced automatic system. 

Pressurisation is regulated by the electronic device 
30 in an automatic and continuous way. The pressure 
regulation is made depending also on the pressure inside 
the process machine or the pump delivery line where the 
mechanical seal is inserted. The mechanical seal is then 
pressurised at variable pressure values, automatically 
defined by the electronic device 30 depending on a 
reference pressure, thereby guaranteeing a constant and 
optimum pressure difference between pressure inside the 
seal and process pressure. It is obvious that such 
pressure regulation is intrinsically more complex to be 
realised with respect to commonly adopted solutions and 
requires acquiring the process pressure measure, that 
before was not involved in seal pressurisation. It must 
also be taken into account that the chance of working 
with a pressurised seal at variable values technically 
complicates the realisation of the possible fluxing flow- 
rate regulation. It should however appear evident that 
these disadvantages are widely offset by the guarantee of 
always having an optimum compression of seal faces due to 
keeping a pressure difference (AP) constant. 

The seal fluxing flow-rate, if requested, is further 
continuously and finely regulated by the electronic 
device 30 also with variable pressure values depending on 
the process pressure in such a way as to be able to 
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accurately and reliably correct the consequent deviations 
from the actual flow. The technical arrangement adopted 
and coupled with the electronic device 30 uses a series 
of different precision nozzles that are pre-calibrated 
and automatically selected by the microprocessor 
depending on the current pressurisation value and on the 
setpoint value for the fluxing flow-rate suggested by the 
seal manufacturer. Accuracy and reliability of the 
thereby obtained fluxing allow optimally cooling and 
lubricating the seal rings (extending their life and 
reducing maintenance costs) , without having fluxing fluid 
wastes (thereby avoiding economic and environmental 
damages) . 

The seal integrity check is performed in an 
automatic way that is systematically repeated by 
performing a pressurisation and stand-by sequence with 
following detection and evaluation of possible 
overpressure leakage. It must be noted that this 
integrity check method is adequate also when locating 
micro-leakage that can anyway be meaningful both for 
functional purposes and for environmental purposes. 
Moreover the pressure leakage monitoring for the 
mechanical seal through analogue instruments (in place of 
traditional on/off transducers) allows detecting time 
variations of such leakage, even if minimum, and 
consequently evaluating the functional seal decay thereby 
favouring their preventive maintenance . 

The electronic device 30 is able to totally count 
the actual operating hours, records them and classifies 
them also depending on different seal pressurisation and 
process pressure values. Such specific information 
related to actual operating hours and conditions can be 
further processed in preventive maintenance activities. 
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All alarms, anomalies, operating hours and 
conditions, operating and diagnostic parameters are data 
that are strictly recorded by the electronic device 30 in 
order to have an historical trace thereof- Such data can 
be made available to document and certify life and modes 
of the occurred use of the mechanical seal. Then the 
electronic device 30 is also proposed as ^'black box" that 
is able to certify (in an undisputable and ^^super partes'' 
way) the operating hours and modes, malfunctions and any 
other situation that could be practically interesting, 
since all alarms, anomalies, operating hours and 
conditions/ operating and diagnostic parameters are data 
that can be displayed and are strictly recorded by the 
electronic device 30 on a support that cannot be deleted 
by a user. Outside the warranty period, these data allow 
performing objective comparisons between different 
technologic solutions and can be managed within efficient 
preventive maintenance programs. 

The electronic device 30 provided for the chance of 
being interfaced and connected with other apparata or 
automation systems, becoming easily integrated in any 
automation context or distributed control structure. 

From the performed description the characteristics 
of the multifunctional electronic device for a mechanical 
seal and of the control and management process realised 
by such electronic device, object of the present 
invention, clearly appear, as well as the related 
advantages among which the following must be remembered: 

- simple installation; 

- accurate, reliable and completely automatically 
managed operation; 

- advanced and always optimum control modes even 
when the pressure changes inside the process 
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machine or in the pump delivery line where the 
mechanical seal is inserted; 

- integrated and advanced management of all 
operating and diagnostic conditions; 

- operating cost and environmental damages reduction 
with respect to prior art. 

It is finally clear that the thereby--devised 
multifunctional electronic device for a mechanical seal 
and the control and management process realised by this 
electronic device are subjected to numerous modifications 
and variations all falling within the scope of the 
invention; moreover all details can be replaced by 
technically equivalent elements. 

In addition to what has already been expressed, the 
scope of the invention is therefore limited only by the 
enclosed claims. 



